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Kerala, the land of rich biodiversity, is a treasure of land races of many crops. The speciality rice varieties of Kerala include Pokkali (organic rice), Jeerakasala and Gandhakasala (scented rice varieties), Black Njavara and Golden Njavara (medicinal rice varieties). A study on the nutraceutical properties of these speciality rice varieties was made to understand their health benefits. Oil content in the rice bran and antioxidants like oryzanol, tocopherol and tocotrienol in the rice bran oil (RBO) of these rice varieties were estimated and compared apart from the quality and nutritional analysis of both rice and bran. The study revealed that the bran is rich in RBO and antioxidants like oryzanol, tocopherol and tocotrienol which may contribute to its high therapeutic value. The study recommends minimum polishing of these rice varieties during milling for consumption purpose. As the bran is rich in fibre and micronutrients like Fe, Cu, B and S, it should be utilized for the preparation of valueadded products like biscuits, baby foods, breads, etc. for healthy human consumption. The study envisages an urgent need for the utilization of the huge quantity of rice bran oil and as component of other food products.
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RICE is the most important tropical cereal and staple food of about half the human population in the world. Starch constitutes the bulk of rice grain and it contains amylose and amylopectin. The human body can digest and absorb the carbohydrates in rice relatively quickly. The protein content of rice is lower than that of wheat, but is of superior quality and utilized better by the body than wheat protein. It contains all the eight essential amino acids in delicately balanced proportion 1 . Rice bran, the brown outer layer of the rice kernel is mainly composed of pericarp, aleurone/sub-aleurone layers and germ. Currently, it is discarded as waste product during the process of rice milling in this part of the world 2 . Godber et al. 3 have shown that rice bran and rice bran oil (RBO) have potential health benefits in the prevention of diseases such as cancer, kidney stones, heart diseases and hyperlipidaemia. This is attributed to the high content of gamma oryzanol, which is a mixture of ferulate esters of triterpene alcohols 3 . Kerala was once a rich treasure of diverse land races/ varieties, but the well-known genetic diversity of rice in Kerala has been lost due to the advent of modern rice varieties. 'Navara' (Njavara) is a unique medicinal rice of Kerala extensively used in the Ayurvedic system of medicine. Two ecotypes of Njavara, viz. black glumed Njavara type and yellow glumed Njavara type are being cultivated. Gandhakasala and Jeerakasala are the most famous indigenous scented varieties of Wayanad district, Kerala 4 . Pokkali is the world-famous saline tolerant organic rice of Kerala; it has some medicinal value and has a special taste. The objective of the present study is to understand the nutraceutical properties and health benefits of these speciality rice varieties of Kerala in comparison with the saline-tolerant landrace Pokkali.
Rice samples of five specialty rice varieties of Kerala, viz. Pokkali, Black Njavara, Golden Njavara, Jeerakasala and Gandhakasala, and two widely cultivated rice varieties, viz. Jyothi and Uma were used for the study. Studies on the nutraceutical properties of Black Njavara, Golden Njavara, Jyothi, Uma and Jaya have been carried out earlier [5] [6] [7] [8] [9] . The seeds of Pokkali were collected from the Rice Research Station, Vyttila; Jyothi was sourced from Regional Agricultural Research Station, Pattambi; Uma, Black Njavara and Golden Njavara from Rice Research Station, Moncompu and Jeerakasala and Gandhakasala were obtained from Regional Agricultural Research Station, Ambalavayal. Freshly milled bran samples were collected from a local rice mill, followed by sieving to separate grain from bran and stored in air-tight polyethylene bags at 20C in a deep freezer.
Grain-size and shape were determined using linear scale and the grains were classified according to their size and shape. Based on length/breadth (L/B) ratio, the grains were classified into long slender (LS), short slender (SS), medium slender (MS), long bold (LB) and short bold (SB) 10 . Spectrometric determination of amylose was done by taking 100 mg of well-powdered milled rice and adding 1 ml 95% (v/v) ethanol and 9 ml 1 N NaOH. Samples were heated for 10 min in boiling water bath and then cooled and volume was made up to 100 ml. Next 5 ml sample suspension was diluted to 100 ml after acidifying with 1 N acetic acid and 1 ml iodine solution. After 20 min absorbance was determined at 620 nm. A series of standards with known amylose content were prepared and a standard curve was plotted. The amylose content of the test samples was determined from the standard curve and calculated on fresh-weight basis 11 . The bran and grain samples were dried at 105C in moisture cups for 6-8 h; drying was continued until a constant weight was obtained according to American Oil Chemists 1 Society (AOCS) Ca 2C-25 standard 12 and moisture content was calculated as percentage.
Dehusked kernels were placed in petri plates and spaced evenly so as to allow enough spreading. After adding 1.7% KOH, the samples were incubated overnight at 30C. Gelatinization temperature was noted based on the rate of spreading of kernels. This value determines the cooking temperature of rice varieties 10 . Fibre extraction was conducted as outlined by the American Association of Cereal Chemists standard 13 . Defatted rice husk was digested using 1.25% H 2 SO 4 . Filtration of five sample was continued by washing with water and 1.25% NaOH. Then samples were washed with 1.25% H 2 SO 4 and ethanol. The residue was dried (105C) in a hot-air oven and weighed (a). Then the residue was incinerated in a muffle furnace, maintained at 550C for 5 h and weighed (b). The difference between (a) and (b) gave the fibre content.
The protein content in each sample was estimated by biuret method 14 . Protein was estimated by grinding 100 mg of rice sample with 100 ml trichloroacetic acid. After centrigufation, 0.1 N NaOH was added to the supernatant. The sample was kept at room temperature for 30 min after adding 2 ml distilled water and 3 ml biuret reagent. Absorbance was measured at 540 nm, and a series of known protein concentrations were prepared and a standard curve was plotted.
The AOCS standard was used to estimate fatty acid composition of RBO.
Micronutrients (Fe, Zn, Mn and Cu) and macronutrients (Ca, Mg) contents of grain samples were estimated using an atomic absorption spectrophotometer (novAA300). The macronutrient potassium was estimated using flame photometer, whereas boron, sulphur and phosphorus were estimated using a spectrophotometer.
The air-dried bran (500 g) was fed to Soxhlet exactor fitted with a 2 l round-bottom flask and a condenser. The extraction was executed on a water bath for 6 h with 1.5 l of hexane. The solvent was distilled under vacuum in a rotary evaporator 16 . The oryzanol content of RBO was estimated using AOCS standard 17 . For this, 10 mg of the oil was dissolved in hexane and the optical density was recorded at 314 nm in a double-beam recording spectrophotometer (UV-240; Shimadzu, Japan). The concentration of oryzanol was determined using its extinction coefficient value of 358.9.
The composition of tocopherols and tocotrienols of the oil samples was determined using AOCS standard 18 and by high performance liquid chromatography (model LC-10AVP; Shimadzu, Japan) fitted with a silica column (CLC-SIL(M) 250 mm  4.6 mm) and fluorescence detector. The mobile phase was hexane isopropanol (99.5 : 0.5, v/v) at a flow rate of 1 ml/min, and excitation and emission wavelengths of 290 and 330 nm respectively.
Statistical significance of the data obtained was analysed by one-way analysis of variance followed by using Web based Agricultural Statistics Software Package Means with the same letters do not differ significantly at P < 0.05. Grain-size and shape of rice are important characteristics which determine the consumer preference as well as commercial success of a variety 9 . The grain size and shape of Pokkali, Black Njavara, Golden Njavara, Jeerakasala and Uma belonged to medium intermediate group, Jyothi belonged to long slender group and Gandhakasala to short intermediate group (Table 1) . According to Oghbaei and Prakash 19 , length/breath (L/B) ratio denotes the shape and size of a grain. In our study, there were no significant differences in the L/B ratio for Black Njavara, Golden Njavara and Jyothi. Comparatively highest L/B ratio was recorded for Jyothi and lowest for Gandhakasala (Table 1) . Pokkali had comparatively higher L/B ratio compared to rice varieties of Uma and Gandhakasala.
Amylose content can play a significant role in determining the overall cooking, eating and pasting properties of a rice variety 20, 21 . Most consumers prefer rice with intermediate AC ranging between 20% and 25%. All rice varieties in the present study belonged to the intermediate amylose content group ranging from 24% to 25% (Table  2) , with Pokkali and Gandhakasala showing 24% intermediate amylose content. Thus Pokkali falls under the intermediate amylose content group along with other well-known rice varieties in the present study.
The gelatinization temperature (GT) of rice samples has been classified as high to intermediate, which indicates that the temperature required for normal cooking time is 75-79C (ref. 22) . While the gelatinization of rice samples is 65-70 mm and categorized as soft, this indicates the tendency of cooked rice to be soft on cooling 22 . The speciality rice varieties in this study belonged to two GT groups (Table 2) . Pokkali, Jyothi, Uma, Black Njavara and Golden Njavara belonged to intermediate GT group (requires 50-69C for cooking), whereas Jeerakasala and Gandhakasala belonged to low intermediate GT group (requires less than 50C for cooking).
Moisture content of rice is an important factor which markedly affects rice quality, especially shelf-life and milling quality 9 . The results of the present study showed that moisture content of different rice varieties ranged between 12.09% and 12.77% (Table 2) . In this study, the organic rice variety Pokkali recorded high moisture percentage of 12.77 followed by Golden Njavara (12.66).
Although fibre remains an important constituent of food, it cannot be considered as an essential nutrient. Fibre reduces the risk of bowel disorders and fights constipation 23 . Tomlin and Read 24 , Burton et al. 25 suggested the use of rice bran for enrichment of nutraceutical foods. The crude fibre content of various tested rice grain varieties ranged between 0.22% and 0.47% (Table 2) . Jyothi was found to have the highest fibre content of rice grain Means with the same letters do not differ significantly at P < 0.05. Means with the same letters do not differ significantly at P < 0.0.
(0.47%) followed by Pokkali (0.46%). There were no significant differences in the fibre content of grain for Black Njavara (0.35%), Golden Njavara (0.35%) and Uma (0.30%). Among the varieties, lowest ratio was recorded for Jeerakasala and Gandhakasala (0.22% and 0.23% respectively). The fibre content of rice bran of different rice varieties ranged between 22% and 32% ( Table  2) . Gandhakasala had the highest fibre content of rice bran (32%) followed by Golden Njavara (31%), whereas Jeerakasala, Uma and Jyothi had 26%, 26% and 27% fibre content respectively. Black Njavara and Pokkali showed 22% and 23% of fibre content of rice bran respectively. This suggests that rice bran is a good fibre source that can be added to various food products. The rice protein is unique in its properties, i.e. it is rich in essential amino acids like lysine. Further, the rice protein is easily digestible (>90% digestibility) compared to wheat protein. Many researchers have reported variability of protein content in different varieties of rice up to 15% (refs 26-28) . The present study showed that protein content of the tested rice varieties ranged from 7.16% to 7.77% (Table 2) , which is the normal range. Pokkali showed the highest protein content (7.77%) followed by Jeerakasala (7.63%). There was no significant difference in the protein content of selected rice varieties. Table 3 shows the mineral content in milled rice of the varieties in the present study. Rice is not a rich source of minerals. The milled rice grains of all the varieties were found to be deficient in P (%), K (%), Mn (mg/kg) and S (mg/kg) content. Maximum Fe content was present in Golden Njavara (28.8 mg/kg) followed by Pokkali (25 mg/kg), which is about double the optimum value. Jeerakasala and Pokkali contained maximum B content (76.7 mg/kg), which is about 50% higher than the optimum value. Table 4 shows the mineral content of rice bran of the test rice varieties. Though rice is not a rich source of minerals, the available minerals are mainly present in the bran which will be lost while milling. The rice bran of Pokkali is rich in Fe content (568.8 mg/kg), which is about four times more than the popular varieties Jyothi and Uma. The bran of Black Njavara and Gandhakasala is also rich in Fe content, which is about 2.8 times higher than that of the check varieties Uma and Jyothi. The bran of the Gandhakasala is rich in Mn content (200 mg/kg), which is about three times higher than the check varieties followed by Njavara, Pokkali and Jeerakasala. Golden Njavara is a rich source of Cu (8.6 mg/kg), which is about 2.5 times higher than the check varieties. Jeerakasala is a rich source of B (140 mg/kg), which is about three times higher than that of the check variety Jyothi followed by Uma. The bran of Pokkali and Uma is rich in S content (0.13 mg/kg).
The hexane extracted oil content of different varieties of rice in this study varied from 5.15% to 10.05% (Table  5) . Black Njavara had the highest bran oil content (10.05%) followed by Pokkali (9.18%). Minor variation in the oil content within a country may be attributed to Means with the same letters do not differ significantly at P < 0.05. the possible change in environmental and geological conditions of the regions 29 . The medicinal value of RBO is due to the presence of significantly high amounts of antioxidants such as oryzanol, tocopherol and tocotrienol (Table 5 ). The oryzanol content in the bran oil of the rice varieties under study ranged from 1750 to 2340 mg/100 g oil. The maximum oryzanol content was recorded by the bran oil of Golden Njavara (2340 mg/100 g oil) followed by Pokkali (2230 mg/100g oil). This is 18% higher than that of the popular variety Jyothi and 34% higher than that of the check variety Uma. Oryzanol is composed of several kinds of ferulic acids and has an effect similar to that of vitamin E in accelerating human growth, facilitating blood circulation and stimulating hormonal secretion 30 . It is also effective in treating a broad range of gastrointestinal disorders, including stress-induced gastric and duodenal ulcers 31, 32 . Tocopherols and tocotrienols are the vitamin E analogues present in RBO. Generally, RBO contains more tocotrienols than tocopherols. These are natural lipidsoluble antioxidants and potent free-radical scavengers present in RBO. The main biochemical function of tocopherols is considered to be the protection of consumed polyunsaturated fatty acids (PUFA) against peroxidation 33 . The tocopherol content in the different rice varieties ranged from 6.90 to 70.45 mg/100 g oil (Table 5) . Gandhakasala had the highest amount of tocopherol (70.45%), which is about nine times higher than the check varieties Jyothi and Uma, followed by the variety Jeerakasala (51.06 mg/100 g oil).
Tocotrienols have been claimed to give protection against heart attack due to their anti-thrombotic properties and greater antioxidant potential than the tocopherols 34 . The tocotrienol content of the rice varieties under study ranged from 19.15 to 80.32 mg/100 g oil ( Table 5 ). The highest value was recorded by RBO of Jeerakasala (80.32 mg/100 mg oil), which is about four times higher than the check variety Uma and two times higher than Jyothi. Pokkali also had comparatively higher amount of oryzanol (2230 mg/100 g oil), tocopherol (24.86 mg/100 g oil) and tocotrienol (56.45 mg/100 g oil), almost on par with the medicinal rice variety Njavara (black and golden ecotypes). Table 6 shows the fatty acid composition of RBO of different rice varieties. The investigated oils were found to contain saturated fatty acid (SFA), monounsaturated fatty acid (MUFA) and PUFA contents ranging from 19.6% to 24.6%, 44.3% to 48.0% and 30.4% to 33.3% respectively. Rice fibre and RBO have potential uses as natural additives to enhance oxidative stability during storage and to reduce the SFA/unsaturated fatty acid ratio and cholesterol content of several domestic food items 35 . The Japan Ministry of Health and Welfare suggests a ratio of 1 : 1.5 : 1 for saturated/monosaturated/polyunsaturated fatty acids for healthy edible oils 16 . The fatty acid composition of the studied RBO from Kerala falls under the above recommendations and contains high ratio of MUFA to SFA. It appears that RBO is almost equal to peanut oil in supplying fatty acid requirements (SFA, MUFA and PUFA). Hence, RBO can be used as a substitute for peanut oil for human consumption.
This study has revealed that Pokkali rice had relatively higher protein, along with minerals such as Mn (%), B (%) and P (%) in rice grain whereas higher levels of Mg (%), Fe (%), Zn (%) and S (%) are obtained in rice bran compared to the other rice varieties. Based on the observed data, Pokkali also contains all the desired qualities at par with the other superior speciality rice varieties under study. The results of this study highlight the importance of nutraceutical properties in Pokkali. This would add value to the product for international acceptance and pave the way for export of this rice. It will further enhance the price of this rice, which will help in the revival of Pokkali cultivation. The study also emphasizes the need for proper utilization of the huge quantity of rice bran produced as agricultural waste during milling as bran oil for human consumption. Further, based on the present study, minimum polishing is recommended during milling for consumption purpose and proper utilization of the antioxidant-rich bran of these speciality rice varieties in the preparation of healthy snacks such as biscuits, baby foods, breads, etc. for human consumption.
